The study was performed to explore the effects of adult bovine male serum (MS), female serum (FS), and castrated male serum (C-MS) on myogenic satellite cells (MSCs) proliferation and differentiation into myotubes or into adipocyte-like cells (ALCs). MSC proliferation and differentiation was highest in the medium supplemented with MS, implying the important role of male steroid hormones. Myogenin and desmin were highly upregulated in cells cultured in MS-supplemented medium. In contrast, lipid accumulation in ALCs was highest in the medium supplemented with FS. Fatty acid transporter (FAT/CD36) was upregulated in FS-supplemented cultures. Detection of higher FAT/CD36 inducing fatty acids (arachidic acid and eicosapentaenoic acid) in FS compared with MS and C-MS suggests that these fatty acids may have influenced the enhanced formation of lipid droplets in ALCs. Effect of sex steroids on cell proliferation and cell growth of bovine MSCs and C2C12 cell in C-MS was greater than charcoaldextran-treated fetal bovine serum (CDFBS). Concluding the above facts, the results indicate that each genderspecific bovine serum constitutes of different component, which leads to unique effects on cell behavior.
Introduction
Bovine serum is a key component in animal cell culture that contains micronutrients, hormones, growth factors, and blood-specific proteins; with fetal bovine serum (FBS) being the most preferred choice for researchers in cultivation of a variety of animal-and human-derived cells (Pilili et al. 2010 ). However, FBS may not always be the best choice because other types of sera contain unique components to which specific cells are more responsive. For example, the culture media supplemented with sex steroids highly influence the in vitro growth of certain cells (Lee et al. 2009 ). In our previous study, we explored the crucial role of quantitative steroid hormones, direct or through the ingredients affected by these hormones, in maintaining the normal morphology and growth of myogenic satellite cells (MSCs; Lee et al. 2007) . MSCs are quiescent mononucleated myogenic stem cells located between the basal lamina and sarcolemma of muscle fibers. On activation, MSCs proliferate and fuse with each other forming myotubes, which in turn give rise to new muscle fiber (Chen and Goldhamer 2003) . The myogenesis process begins with stimulation, during which MSCs start to express transcrip-tional factors such as myogenic factor 5 and myogenic differentiation 1, and, finally, marker genes such as myogenin and myosin heavy chain are expressed in differentiated myotube-forming cells (Martin et al. 2006) . MSCs also possess the multipotential capacity to form adipocyte-like cells (ALCs), osteocytes, and nerve cells (Asakura et al. 2001; Fux et al. 2004 ). During ALC formation, an increase in expression of several transcriptional factors related to adipogenesis, CCAAT/enhancer binding protein-alpha (C/EBPα), and peroxisome proliferator-activated receptor gamma (PPARγ) has been reported (Singh et al. 2007 ). In addition, PPARγ activation induces mRNA transcripts of fatty acid translocase (CD36) in macrophage (Tontonoz et al. 1998) . Fatty acid transporter, FAT/CD36 is a multifunctional receptor expressed in several cell types, and has been proposed as the fatty acid transporter in adipocytes (Campbell et al. 2004 ).
The present study aimed to investigate the effect of gender-specific sera on MSC proliferation and differentiation. In addition, this study hypothesized the possibility of using castrated male serum (C-MS) as an alternative to charcoal-dextran-treated FBS (CDFBS), which has been used as a steroid-deprived serum. Charcoal-dextran removes not only steroids but other ingredients in the serum such as growth factors, fatty acids, etc., which in turn leads to the poor cell growth in CDFBS-supplemented medium (Cao et al. 2009 ). As reported here, MS enhanced proliferation and differentiation of MSCs, whereas female serum (FS) enhanced lipid accumulation in ALCs. We also observed an increase in FAT/CD36 gene expression and fatty acid transport in the ALCs cultured in FSsupplemented adipogenic medium. Taken together, the results indicate that gender-specific adult bovine serum enhances MSC proliferation and differentiation compared to FBS. Furthermore, C-MS may be the better alternative to the CDFBS with respect to hormonal effects on cells.
Materials and Methods
The cattle used in this study ranged from 24 to 26 months in age and from 550 to 600 kg in body weight. The isolated MSCs from hind limb skeletal muscles of male bovine were cultured in a 100-mm diameter culture dish as described previously (Kook et al. 2006 ). The method established by our lab (Lee et al. 2009 ) was used for extraction of serum from the collected blood. CDFBS was prepared using commercially available FBS (HyClone Laboratories, Logan, UT) as reported by Choi et al. (2000) . Testosterone, 17β-estradiol (E 2 ), and estrone (E 1 ) in the extracted serum were measured by enzyme-linked immunosorbent assay (ELISA; DRG International Inc., Mountainside, NJ) following manufacturer's instruction. The sera from three different individuals were used for each experiment unless mentioned.
Isolated MSCs were cultured in a covered glass-bottom dish and allowed to differentiate into myotubes or into ALCs under different serum conditions. Then, the culture medium was removed and cells were rinsed with phosphate-buffered saline (PBS). PBS rinsing was also performed between all subsequent steps. Cells were fixed with 4% formaldehyde, permeabilized by 0.2% Triton X-100 and 3-4 drops of ImageiT TM FX signal enhancer (Invitrogen) was applied. Primary antibody (rabbit polyclonal IgG CD36 sc-9154; Santa Cruz Biotechnology, Santa Cruz, CA) was added and incubated at 4°C in a humid environment overnight, and then incubated with secondary antibody (Alexa Fluor 488 goat anti-rabbit SFX kit; Molecular Probes, Eugene, OR) at room temperature for 1 h. Cell nucleus was counterstained by 4′, 6′-diamino-2-phenylindole (Sigma-Aldrich, St. Louis, MO). Immunostained cells were observed using a fluorescence microscope. A stock solution of oil-red-O (ORO; SigmaAldrich) was prepared by mixing 5 mg/ml of ORO in 100% isopropanol. Working solution was made by diluting the stock solution to 6:4 (stock solution/autoclaved de-ionized water). The working solution was filtered through Whatman filter paper before use. The formalin fixed cells were washed three times using PBS.
Primary MSC culture was subcultured to passage 1 when the cells reached confluence (before undergoing differentiation). The cells were harvested by trypsin-EDTA, washed, and subcultured in 6-well plates with Dulbecco's Modified Eagle's Medium (DMEM) supplemented with FBS. Cells were cultured for a day in the supplemented medium to allow equal attachment in the culture dish. After 24 h, the medium was removed and replaced with DMEM supplemented with 10% FBS/MS/FS/C-MS. Cell proliferation and differentiation to myotube-formed cells or to ALCs were studied under the influence of the different sera. Cocktail solution (200 μM ascorbic acid, 33 μM biotin, 17 μM pantothenate, 1 mM carpylic acid, 10 mM acetic acid, 10 μg/ml insulin, 5 μM dexamethasone, 500 uM 3-isobutyl-1-methylxanthine, and 10 μM thiazolidione) was added to make the adipogenic medium. Of the C2C12 cells, 1×10 5 were sown in 6-well plate in DMEM culture media supplemented with FBS and next-day culture media was replaced by the media supplemented with FBS or genderspecific sera. Cells were enumerated under microscopic examination using a hemocytometer after 3 d of subculture to observe the cell proliferation under influence of different serum. The subcultured MSCs were cultured in adipogenic media supplemented with different serum for 7 d to study their effect on lipid accumulation in ALCs. MSCs were cultured in DMEM supplemented with C-MS to observe the steroidal effect on the cultured muscle cells. E 2 , testosterone, or a combination of E 2 and testosterone (all 10 nM) were added directly to each medium. Cells were enumerated under microscopic examination using a hemocytometer.
The working solution of ORO (1 ml/well) was added and incubated at room temperature for 15 min. The staining solution was removed and each well was washed using PBS. After air drying, PBS was added to each well and the cells were observed and photographs acquired under a light microscope equipped with a digital camera. Cells were destained by incubating at room temperature with 100% isopropanol for 10 min. Optical density was measured at 510 nm using a VersaMax microplate reader (Sunnyvale, CA).
RNA isolation and real-time reverse transcriptasepolymerase chain reaction analysis were carried out as previously described ). Power SYBR® Green PCR Master Mix (Applied Biosystems) was used as the fluorescence source. The following primers were used: glyceraldehyde 3-phosphate dehydrogenase (GAPDH); 5′-gggtcatcatctctgcacct-3′ and 5′-acagtcttctgggtggcagt-3′, estrogen receptor (ER-α); 5′-caggtgccctattacctgga-3′and 5′-gcctgaggcatagtcattgc-3′ and androgen receptor (AR); 5′-tctcccaagaatttggatgg-3′ and 5′-ggagcttggtgagctggtag-3′, desmin; 5′-tgtcgaaaccagacctcaca-3′ and 5′-gtggcggtactccat catct-3′ (57°C), and myogenin; 5′-tgggcgtgtaaggtgtgtaa-3′ and 5′-tgcaggcgctctatgtactg-3′ (57°C), FAT/CD36; 5′-agatgcagcctcatttccac-3′ and 5′-gcaaaagcaaaggatggaag-3′.
For fatty acid analysis, total lipids were extracted from 0.5 ml of serum with 6.7% Na 2 SO 4 solution (2 ml) and a mixture of hexane/isopropanol (5 ml). Of pentadecanoic acid (250 μl; C15:0) was spiked as an internal standard. Extracted total lipids were methylated with 12.5% boron trifluoride in methanol according to modified Morrison and Smith method (1964) . Methylated lipids were dissolved with 500 μl of hexane and 1 μl of lipid samples were injected to Agilent 7890 gas chromatography system (Agilent technology Inc., Santa Clara, CA) equipped with HP-5 column. Helium was used as a carrier gas with 1 ml/min of flow rate. Separated fatty acids were detected and quantified using Agilent 5975 Gas Chromatography with Mass Selective Detector (GC/MSD) and MSD chemstation software (Agilent technology Inc.). For standard, Supelco™ 37 Component FAME mix (Supelco, Bellefonte, PA) was used. In total 16 sera samples (five males, seven females, and four castrated males) were analyzed. 
Results and Discussion
The level of hormones in FBS, MS, FS, and C-MS was quantified by ELISA. Testosterone was the highest in MS compared to FBS, FS, and C-MS. Similarly, the female steroid hormones, E 2 and E 1 were in the highest level in FS compared to FBS, MS, and C-MS. Aside from FS with testosterone, FBS contained the lowest concentration of E 2 and E 1 among the sera (data not shown). As the hormone level in the FS is different depending upon the estrous cycle, sera with similar hormone concentration were selected for the experiment. Prior to the initiation of bovine MSC differentiation, the cells were collected from the primary culture dish and subcultured. The cells in passage 1 were cultured in medium supplemented with FBS, MS, FS, or C-MS for 3 d, and cell numbers in each culture were enumerated. The numbers of cells were highest in the medium supplemented with MS, followed by supplementation with C-MS, FS, and FBS (Fig. 1, left upper panel) . To find the effect of steroid hormones present in the serum on differential cell proliferation, bovine MSCs were subcultured in C-MS or CDFBS and treated with 10 nM of E 2 or testosterone, or a combination of E 2 and testosterone. Treatment with the steroids increased cell proliferation compared to the respective control, with the increment of cell proliferation being highest in the testosterone-treated culture followed by the combination of E 2 and testosterone, and E 2 only (Fig. 1, right panel). In addition, the effect of different serum and steroids on the C2C12 murine myoblast cell line was also observed. The data generated were in agreement with those of bovine MSCs. MS and testosterone-treated C-MS and CDFBS markedly increased C2C12 cell proliferation (Fig. 1, left and right lower panels) . Myotube formation, a characteristic for myogenesis, was the highest in cells cultured in medium supplemented with MS, followed by FS, C-MS, and FBS ( Fig. 2A) . The highest expression of both myogenin and desmin mRNAs was evident in cells cultured in the presence of MS. Expression of ER-α was significantly increased in FS-, MS-, and C-MSsupplemented cultures compared to that of FBS. However, AR expression was not significantly different among the cells cultured in the different sera (Fig. 2B ). MSCs were differentiated into ALCs by switching the culture medium into adipogenic medium. To observe the effect of different sera on ALCs formation, cells were cultured in adipogenic media supplemented with different sera for 7 d and stained with ORO. Photographic examination (Fig. 3A) and spectrophotometric quantification of ORO staining (Fig. 3B ) indicated the highest lipid accumulation in ALCs was in the culture supplemented with FS followed by C-MS, MS, and FBS. Similarly, mRNA expression of the FAT/CD36 gene was significantly upregulated in the FSsupplemented adipogenic medium compared to the other serum-supplemented adipogenic media (Fig. 3C) . FAT/ CD36 protein expression was observed by immunocytochemistry and was also highest in the FS-supplemented medium (Fig. 3D ). Fatty acid contents among different sera were analyzed (Table 1) . Among injected 37 fatty acids, only 30 fatty acids were exactly matched with MSD chemstation data base. The concentration of undecanoic acid (C11) in C-MS was higher than that in FS with significance (P < 0.05), but undecanoic acid was not detected from the male sera. There were no significant differences (P<0.05) in the concentrations of saturated fatty acids containing less than 18 carbons among gender. The concentrations of tricosanoic acid (C24:0) in MS and C-MS were higher than that in FS with significance (P<0.05). Whereas, the concentrations of arachidic acid (C20:0) and eicosadienoic acid (C20:2n) in FS were significantly higher than those in MS and C-MS.
In agreement with the previous reports that showed both E 2 and testosterone enhanced the MSC proliferation (Kamanga-Sollo et al. 2004) , the results from this study demonstrated the same. ER-α expression was higher in adult serum compared to FBS supplementation. In addition, both ER-α and AR expression was increased by steroid treatment in C-MS. Previous study revealed that testosterone increases the number of myonuclei and satellite cells, leading to muscle fiber hypertrophy (Sinha-Hikim et al. 2003) . In contrast, two other studies reported no effect on porcine myoblast and C2C12 (Doumit et al. 1996; Lee 2002) . The result from this study agrees with the previously reported increase in muscle protein synthesis due to treatment of exogenous anabolic androgenic steroids (Singh et al. 2003) . In addition, it is worth noting that C-MS showed greater steroid effect on cell proliferation and differentiation in bovine MSCs and C2C12 cells as compared to CDFBS. Thus, this result suggests a benefit of using C-MS in the research field, where cells should be maintained for a certain period in steroid-depleted media without affecting cell behaviors . In this study, we found that two fatty acids, arachidic acid (C20:0) and eicosadienoic acid (C20:2n) were higher in FS than MS. Among these, arachidic acid (C20:0) requires FAT/CD36 for uptake into cell has been reported previously (Zhou et al. 2008 ). In addition, detection of eicosapentaenoic acid (C20:5n3) and docosahexaenoic acid (C22:6n3), strong inducers of FAT/CD36 (Vallve et al. 2002) , in adult sera may also explain enhanced formation of ALCs in the presence of FS via upregulation of FAT/CD36 in adult bovine serum compared to FBS. Higher total protein content and sodium concentrations in FS compared to MS and C-MS and the presence of specific proteins in adult serum but not in FBS suggest that each adult serum and FBS contains unique constituent that cause unique effect on cell behavior (Kim et al. 2011) . Our data supports the suggestion that gender-specific bovine sera can increase MSC proliferation and differentiation with increased expression of myogenin, desmin and FAT/CD36. Furthermore, MS increases MSC proliferation and differentiation, and FS increases lipid accumulation in ALCs. Taken altogether, MS is the most optimal serum in the cultures of MSCs and different types of gender-specific serum could be an alternative use for FBS or CDFBS in certain types of cell cultures.
